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Abstract 
Satellite remote sensing of land affected by salinity, is a useful tool for decision support system through digital image processing 
for materials delineation (crystallography, detection of rocks, mineralogy, etc.). Today, with the advent of technology integration, 
merger, with optical data radar (InSAR and Signal Processing) actively contributed to the modelling of radar backscattering 
coefficient for the quantitative and qualitative salinity (modelled coefficients for models in relation to soil moisture, surface 
roughness). Thus, our approach has been to exploit the multi-spectral optical data from the LANDSAT ETM + (Enhanced 
Thematic Mapper) to map surface states, including indices of salinity and sodicity as: (BI: Brightness Index), NDSI: Normalized 
Difference Salinity Index, SI: Salinity Index, ASI: Aster Salinity Index (Agriculture), Index of Salinity (using GIS Geographic 
Information System and remote sensing), and finally the SSSI "Soil Salinity and Sodicity Index". These indicators of salinity 
were tested for the Oran region in accordance with the spectral sensor ALI (Advanced Land Imager) satellite EO-1 (NASA from 
2002 to 2006). Remote sensing helps identify salts are highly reflective and improved mapping of saline soil surface. Reports of 
More frequently used is the combined near infrared and visible (4 / 1 ETM), or bands in the infrared (7 / 4 or 7 / 5 ETM). 
Consequently, the spectral curves of the satellite ALI EO-1 show a match for saline soils and two test plots were chosen (Aquifer 
of Es-Sénia) to study corresponding with the measured data in-situ (electrical conductivity and pH) for the classification of saline 
soils [2]. The confusions that arise between the effects of salt stress and water stress are removed followed by seasonal applying 
the Geo-statistical analysis with the Geo-modelling approach in GIS techniques investigation and monitoring the variation of the 
electrical conductivity in the alluvial aquifer of Es-Sénia for the salt affected soil and segmentation accuracy model. 
© 2012 Published by Elsevier Ltd. Selection and peer-review under responsibility of  ISWEE’11  
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1. Introduction 
Salt – affected soils are widespread over the world especially in arid, semi arid and some sub- humid regions.  
In Oran, the problem of salinity and alkalinity increases every year as a result of secondary salinisation. In south 
west around the Es-Sénia airport which includes districts of industrial company, the ground water is of poor quality 
and cannot be used for irrigation. Soil salinity and water logging are two of the main constraints present in 
irrigated agricultural lands (reference). The ability of space platforms to provide synoptic view of the area 
makes remote sensing a unique tool for rapid and timely monitoring of earth resources and delineation of salt- 
affected soils. A wide variety of satellite remote sensing data from multi temporal Landsat – TM & ETM are now 
available to earth resource scientists for generating information for detection spectral salinity. The combination of 
remote sensing with the Geographical Information System (GIS), are used for variety data to delineate salt affected 
soil. The most commonly used technique for a salinity index is the computation of different indices and ratio images 
using infrared and visible spectral bands in the electromagnetic spectrum (reference). Dry soil generally has higher 
reflectance and no absorption in red region have been used in developing vegetation indices. Among several 
vegetation indices, Normalized Difference Vegetation Index (NDVI), Soil Adjusted Vegetation Index (SAVI), and 
were used to characterize crop growth condition influenced by salinity (ref). Moreover, in the literature, different 
spectral indices have been proposed for the detection and identification of saline soils. Khan [8] suggested three 
spectral indices for the identification of salinity in Pakistan using the LISS-II sensor on IRS-platform 1B, are: the 
Brightness Index (BI), the Normalized Difference Salinity Index (NDSI) and Salinity Index (SI). Among these three 
indices, these researchers found that the show NDSI more success in extracting different classes of salinity. 
According to salt index-SI using ASTER bands 4 and 5 of the ASTER sensor, detects the accuracy of salinity of 
irrigated farmland in a semiarid in Syria [1]. The classifications of spot image are proposed with refine resolution it 
was proposed for mapping salinity and sodicity of soils using LANDSAT TM and GIS [11]. After analyzing 
different remote sensing techniques, literature recommended three different indices Salinity (Salinity Index: SI): SI-
1 SI-2 SI-3. By exploring the SWIR spectral region, BANNARI et al. have proposed two indices: Soils and Salinity 
Sodicity Indices (SSSI-1 and SSSI-2) [2]. It is very likely that these indices may increase the identification accuracy 
areas with low and medium salinity and sodicity using image data acquired by the sensor ALI (Advanced Land 
Imaging) on the satellite platform "Earth Observing" (EO-1). 
2. Localization and extent 
Oran is a part of the vast alluvial expanse popularly known as Es-Sénia plains. The study area is situated 
between geo-coordinates UTM30 North 35°17’48” to 35°56’52”N and 0° 1’ 51” to 1°1’15”E. The area study is 
located in south part of Oran. It is bounded by the district boundaries of Es-Sénia and El kerma in the south whereas 
it is bordered by the boundaries of Bir-El-Djir and Sidi- Chami in the East, where districts have mainly alluvial soil 
and sandy soil (Fig.1). 
3. Material and method 
For the purpose following multi-spectral and multi-date LANDSAT of September 1987, February 2002 
and October 2009 are used for image processing and salt delineation of the study area. During the month of May salt 
has got accumulated on the surface due to high evaporation rates. The published soil survey reports, soil maps, atlas 
of Oran, census report, water quality reports for the study area, were are collected and utilized during interpretation 
and field work. Salinity is a natural characteristic of soil, but salinisation is caused by the particular activity man. 
Salinity is defined by the accumulation of Salt soluble in the soil. 
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Fig. 1: Geographic situation of Oran 
4. Material and method 
For the purpose following multi-spectral and multi-date LANDSAT of September 1987, February 2002 
and October 2009 are used for image processing and salt delineation of the study area. During the month of May salt 
has got accumulated on the surface due to high evaporation rates. The published soil survey reports, soil maps, atlas 
of Oran, census report, water quality reports for the study area, were are collected and utilized during interpretation 
and field work. Salinity is a natural characteristic of soil, but Salinisation is caused by the particular activity man. 
Salinity is defined by the accumulation of Salt soluble in the soil. 
4.1. Preparation of Base Map 
The base maps indicating permanent features such as major canals, highways, roads, railways, villages and sand 
dunes were prepared in IDRISI ANDES software [6]. The Survey of Oran toposheet was georeferenced using the 
Geographic Universal Transverse Mercator UTM 30 coordinate system and the WGS84. We have used the water 
hydro-chemical database to characterize the spot Sodicity and alkalinity for delineating salt affected soil and post 
classification process in GIS System. Implementation of the database file on the water hydro-chemical, with 246 
drilling wells (NAHR: National Agency of Hydraulic Resources), and 46 water tables (SAR “Sodium Absorption 
Ratio” values, PH, SR “Sec Residuals”, Conductivity, etc.) and 81 water tables for the alluvial Es-Sénia [4]. 
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4.2. Processing Satellite Image 
Many operations are established for delineation of salt affected soil as: 
3.2.1 Destriping LANDSAT ETM+ 
We have use the ENVI “Enhanced Visualization Imaging” Software to calibrate and destripe the defection of 
sensors LANDSAT (noise effect LANDSAT ETM+ after 2002), Image artefacts such as banding, striping, and 
scan-correlated shifting are removed prior to radiometric correction, and these corrections are not reversible. Using 
the topographic module (replace bad data) to interval [0 – 1] for alls LANDSAT bands. All images are exported as 
raster Geotiff file to IDRISI software (for image processing and data classification).  
3.2.2 Contrasting LANDSAT ETM+ 
The first one uses COMPOSITE and STRETCH modules (IDRISI) to produce two new images and then analyze 
their ratio. The COMPOSITE module takes data received in 1st, 2nd and 4 th channels and STRETCH function 
produces histogram equalization contrast stretch. The second scheme uses ISOCLUST function of GIS IDRISI that 
performs classification based on specifically created images (through salinity indices and PCA (Principal Component 
Analysis) instead of common practice of using satellite measurements. 
4.3. Classification Approach from LANDSAT ETM+ 
The classification approach been accomplished with the use of special functions of GIS that are called image 
enhancement procedures. In IDRISI for Windows, they are FILTER,  STRETCH and COMPOSIT. These GIS 
functions increase the ratio of signal to noise in satellite data and suggest the most efficient use of important 
information contained in different spectral channels. The problem of delineation of salt-affected areas is often 
accompanied by the problem of determination of regions under risk of water-logging [5 - 10]. The latter task is 
usually solved on the base of the 4th band (ETM+4) data processing. The main obstacle for good classification in 
that case is the low contrast between areas that should be delineated and other surface classes. To overcome that 
difficulty the following index “Water Index” in (1) was suggested: 
Water_Index = COMP124 / ETM4_STR                                                                                           (1) 
Where, COMP124 is a composite image produced on the basis of ETM+1, ETM+2 and ETM+4 spectral data 
according to the following equation: 
COMP124 = 6 * ETM2 + 36 * ETM4                                                                                              (2) 
It is obtained by the use of COMPOSIT module of IDRISI for Windows with the type of contrast stretch 
specified to be linear with saturation level of 2.5%. The parameter ETM4_STR is a satellite data received in the 
4th spectral band and stretched with the use of STRETCH module in the regime of histogram equalization. The 
main achievement of the described procedure is the act of getting an image where water-objects (including 
waterlogged areas) are definitely separated from other surface classes. This has become possible due to stretching 
the ETM+4 and using it in the way that is described in (2). In our case, we have calculated a colour composite image 
using three indices: NDSI (4), Water Index (1), and NDVI (10). Therefore, we have applied an ISOCLUST module 
of IDRISI to that image. The result is shown in Figure 1. Salt- affected areas are shown in white bluish tone in the 
image. 
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Fig. 2: Classification ISOCLUST with (NDSI, NDVI, PCA) 
Different indices are calculated from equations: 
SI(Salinity_Index) = SQRT (ETM3 * ETM4)                                                                                    (3) 
NDSI = (ETM3 – ETM4) / (ETM3 + ETM4)                                                                                     (4) 
IS_Modified = [SQRT (ETM3)² +(ETM4)²]                                                                                      (5) 
VSSI = 2 * ETM2 – 5 * (ETM3 + ETM4)                                                                                         (6) 
Brightness_Index = SQRT [(ETM3)² + (ETM4)² ]                                                                           (7) 
Salinity Ratio = (ETM3 – ETM4) / (ETM2 + ETM4)                                                                        (8) 
NDBI = (ETM6 – ETM4) / (ETM6 + ETM4)                                                                                    (9) 
NDVI = (ETM4  – ETM4) / (ETM3 + ETM4)                                                                                 (10) 
Where: 
• VSSI : Vegetation Soil Salinity Index is used for discrimination between soil and vegetation stress 
• NDBI : Normalized Difference Build up area Index: resampling ETM6 (60m to 30m) 
Salinity maps are established using Landsat satellite with false color composite (Blue=B=TM3), (Green=G=TM2) 
and (Red=R=TM1) of multi temporal data (Hamdi Aissa., et al). The result shows the white bluish color in the 
Eastern of Oran (El-Ançor, El-Kerma Boutlelis) (Fig.3a). 
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Fig. 3: Detection of Salt affected soil (represented with white bluish color) in different spots of Oran (1987) – Color Composite LANDSAT TM1, 
TM2 and TM3 
Same results are distinguished in the centre of Oran region around Sebkha of Oran and other part around daya of 
Morsley (Fig.3b) and in the western region around the Arzew’s salines (Fig.3c) and through EL Mohgoun River. 
The results explains that the salinity affected soil are showed with a white tones confused with the water body 
because of the similarity response (sand and salt). The next figure shows the near resemblance with spectral 
response of sand and salts.  
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Es-Senia El Kerma 
El Ançor 
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Fig. 4: Spectral response: salt and sand with LANDSAT TM
The spectral responses of saline and sodicity soils are shown on LANDSAT multi-temporal data (1987,  
2002 and 2009) like showing in the figure (Fig5). 
Fig. 5: Spectral response of salt affected soil in multi-temporal approach (LANDSAT)
The work consisted of field sampling chemical analysis in laboratory, regression analysis and GIS assisted 
spatial modeling. The results have confirmed the presence of various ions in the salt from earlier works on Es-Senia 
plains and other areas [9]. Geo-statistical approach are used to delineate salt affected soil with the Electrical 
conductivity (ds/m) applying the GeoModeler module in IDRISI. The simulation of semi Variogram of conductivity 
indicates the increasing variation of electrical conductivity around distance of 8 km around Es-Senia aquifer (1Lags 
= 1km) shown in 5.77 dS/m to 25.37 dS/m (Fig6).  
Salinity 
il
1987
2002 
2009 
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Fig. 6: Applying GeoModeler: increasing salinity by variation conductivity soil in Oran. (a) Correlogram of electrical conductivity; (b) 
Variogram of electrical conductivity 
ALI (Advanced Land Imager) referenced at 23/07/2003 is used to extract spectral signature of saline and no 
saline soil (Fig.7.a-c) [3]. Classified methods are combined to extract the salt affected soils with the unsupervised 
techniques such ISOCLOST, K-Means and the new combination index (SAVI, NDBI and NDSI) false color 
composite (Fig7.b). 
Fig. 7: Salt affected soil with different techniques – LANDSAT & ALI-EO-1 Oran 
a b
a 
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Fig. 7: Continued 
The correlation between salinity index for multi temporal approach (1987, 2002, 2009) are used to find relation 
between salinity index and vegetation for a good delineation of salt affected soil in LANDSAT ETM+. In 1987, the 
correlation coefficient is positively better for VSSI and NDSI (r=93%) than other one (Table1) and between SI and 
NDVI (r=53.5%). For 2002, idem that 1987 with less than (r=63%) and stable relation between SI and NDVI 
(r=48%) (Table2). In the end, for 2009 the correlation coefficient is better with (r=90%) (Table3) and negatively 
between all indices (because the relative humidity of summer is lower). The results are given in the following tables: 
c
b
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Table 1: Correlation salinity indexes for 1987 
Index SI VSSI IS NDSI NDVI 
SI 1 -0.93 -0.62 -0.56 0.54 
VSSI -0.62 1 -0.93 0.93 -0.92 
IS 0.72 -0.62 1 -0.53 0.12 
NDSI -0.97 0.93 -0.56 1 -0.41 
NDVI 0.24 -0.35 0.12 -0.41 1 
Table 2: Correlation salinity indexes for 2002 
Index SI VSSI IS NDSI NDVI 
SI 1 -0.48 0.59 -0.9 0.48 
VSSI -0.48 1 -0.76 0.63 -0.82 
IS 0.59 -0.76 1 -0.53 0.57 
NDSI -0.90 0.63 -0.53 1 -0.6 
NDVI 0.48 -0.82 0.57 -0.6 1 
Table 3: Correlation salinity indexes for 2009 
Index SI VSSI IS NDSI NDVI 
SI 1 -0.3 0.88 -0.36 -0.16 
VSSI -0.3 1 -0.56 0.90 -0.44 
IS 0.88 -0.56 1 -0.5 -0.04 
NDSI -0.36 0.90 -0.50 1 -0.35 
NDVI -0.16 -0.44 -0.04 -0.35 1 
5. Conclusion 
Salt – affected soils are widespread over the world especially semi arid and some sub- humid regions. Soil 
salinity has been brought about by natural or human-induced processes and is a major environmental hazard. Recent 
advances in remote sensing technology have opened new techniques in inventory, characterization and monitoring of 
degraded lands. Remote sensing and GIS have been effectively used to study the dynamic behavior of salinity and 
water-logging. Satellite imagery and false colour composites were visually interpreted to identify salt affected lands. 
Remote sensing and GIS software namely, IDRISI are used to analyzing digital remote sensing data. In Oran, area 
is affected by water-logging due to seepage of water from canal and salinity due to salts on the surface appeared as a 
white salt encrustation.  
The mul t i  tempora l  images of LANDSAT (1987, 2002 and 2009)  proved to be very useful to identifying 
and delineating saline / sodic soils. Surface accumulated white or, white bluish salt crusts are a good indicator for the 
detection and correlation of salinity during dry season.  
The wetness Index was used to enhance the spectra of wet soil. Moreover, mapping based on land-use 
classification with unsupervised (ISOCLUST, K-Means) or supervised methods (Maxlike algorithm) does gives a 
sufficient accuracy; even though land use categories (segmentation) discriminate soil electrical conductivity in 
highly- saline areas using the geo-statistical modeling (Variogram, Correlogram).  
The results show the increasing effect of electrical conductivity (salinity) of 186 sampled point, and imbalance for 
spatial estimation of surface state of Es-Senia aquifer. Satellite remote sensing data provided real time information of 
these lands which proved am efficient analytical tool for estimating salt affected areas and crops affected by salinity. 
It is emphasized that water-logging, salinity and secondary salinity in the El Mohgoun’s river are viewed near 
Arzew’s salines.  
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Multi-temporal satellite data should be used for continuous monitoring of the water-logging and salinity 
dynamics in the region. Integrated analysis of spatial and non-spatial data parameters in Geographical Information 
System (GIS) environment must be made use of for any kind of decision-making. Finally, the result approaches 
showed a significant extension of salinity that may extend to land not yet affected by the salinity problem if 
regulatory measures are not taken concretely. 
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